ABSTRACT The effects of starvation and refeeding of 2-wk-old turkey poults on serum and tissue levels of zinc, copper and iron were investigated. Serum concentrations of zinc and copper declined during 4 d of starvation. Refeeding for 24 h following a period of starvation restored serum copper to levels similar to those in the fed controls but failed to elevate zinc levels. Liver concentrations and total quantities of zinc, copper and iron increased throughout starvation. Refeeding the starved poults reduced hepatic metal concentrations but caused a further increase in total metal content. This was apparently related to the large increase in liver mass, and the effect was most pronounced in poults starved 1 d prior to refeeding. Starvation also caused an increased zinc concentration and content and a reduced copper content in the pancreas, duodenal mucosa and kidney. Iron content of the pancreas and kidney increased during starvation, but that of the duodenal mucosa declined. Starvation evoked a progressive increase in the cytosolic zinc concentration from liver, pancreas, duodenal mucosa and kidney. A major part of this increase was accounted for as zinc bound to metallothionein (MT). Refeeding rapidly reduced cytosolic and MT-bound zinc in each of these tissues. It was concluded that starvation and refeeding had major effects on tissue trace metal status. A function is proposed for MT during starvation as a mechanism for the conservation of body zinc stores. Zinc, released as a consequence of tissue catabolism, is repartitioned into a soluble storage site (MT), which can be rapidly mobilized to meet the demands of new tissue synthesis once anabolic metabolism resumes. J. Nutr. 117: 481-489, 1987. 
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â€¢starvation-refeeding â€¢trace metals â€¢zinc â€¢copper â€¢iron â€¢metallothionein Starvation and refeeding produce marked effects on lipid, carbohydrate and protein metabolism in both birds and mammals (1) (2) (3) (4) (5) (6) . One aspect of this experimental paradigm that has received limited investigation is the effect of starvation and refeeding on the trace element status of the animal.
In humans, urinary zinc excretion has been reported to increase during periods of starvation (7) . However, studies involving the effect of starvation on plasma or serum zinc have produced equivocal findings, ranging from no change in rats (8, 9) to an increase in humans (10, 11) and a decrease in quail (12) . Undoubtedly, these discrepancies stem from species and age differences among the studies. Bremner and Davies (13) and more recently Sato et al. (14) reported that short-term (24 h) restriction of feed or total starvation of rats resulted in a significant increase in hepatic zinc concentration and a concomitant increase in metallothionein (MT) levels. It was suggested that the magnitude of the increase in both hepatic zinc and MT was a function not only of the age of the animal but also of the severity and du ration of the feed restriction (13) . We have reported that accumulation of zinc bound to hepatic cytoplasmic MT required de novo protein synthesis during the period of starvation (8) .
The observed effects of a nutritional stress such as starvation on hepatic levels of zinc and MT have been attributed to changes in the levels of stress-related hor mones, the glucocorticoids and glucagon, which are known to affect zinc homeostasis (15) . A short-term (24 h) fast of immature chickens was shown to evoke a significant elevation of plasma corticosterone (16) . Moreover, in fasted birds, insulin levels in the plasma declined while glucagon levels increased, thereby ef fecting a reduction in the insulin:glucagon ratio (17) . ' Mention of a trade name, proprietary product or specific equip ment does not constitute a guarantee or a warranty by the U.S. De partment of Agriculture and does not imply its approval to the ex clusion of other suitable products.
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The effects of a reduced insulin :glucagon ratio on tissue trace element levels have been extensively studied in the streptozotocin-diabetic rat model (18) (19) (20) . In gen eral, increased liver and kidney concentrations of zinc and copper and increased urinary excretion of zinc, cop per and iron were observed in these animals (21) . More over, independent and synergistic effects were reported for glucocorticoid hormones and glucagon with respect to zinc homeostasis (22) . Thus the impact of starvation on tissue zinc levels is most likely a function of the complex hormonal milieu characteristic of this meta bolic state.
The effects of starvation and refeeding on tissue lev els of copper and iron have not been intensively studied. Nor have the effects of refeeding following a fast on tissue zinc levels been investigated. Therefore, the pur pose of this study was to determine the effects of star vation for varying lengths of time and subsequent refeeding for 24 h on serum and tissue levels of zinc, copper and iron in the 2-wk-old turkey poult.
MATERIALS AND METHODS
Eighty Nicholas Large White turkey poults of mixed sex were raised from hatching in a battery-brooder equipped with stainless steel floors and watering trays. The poults were fed a corn and soybean meal-based starter diet (Table 1) ad libitum. On analysis, the diet was found to contain averages of 266, 23 and 221 (xg/ g (dry wt basis) zinc, copper and iron, respectively. At 3Provided (per kg diet): retinyl acetate, 12,000 iu; cholecalciferol, 3000ICU; DL-a-tocopheryl acetate, 37.5 iu; menadione, 1.5 mg; thiamine HC1, 10 mg; riboflavin, 10 mg; pyridoxine HC1, 10 mg; D-Ca pantothenate, 20 mg; nicotinic acid, 100 mg; D-biotin, 2 mgÂ¡ choline chloride, 2 g; folie acid, 2 mg; vitamin B-12, 100 ng; ethoxyquin, 150 mg.
2 wk of age the poults were divided randomly into eight groups of 10 poults each as follows: controls (fed ad libitum), starved for 1, 2, 3 or 4 d and starved for 1, 2 or 3 d and refed for an additional day. All birds were maintained under continuous lighting and provided deionized water ad libitum throughout the study.
Tissue collection. At the end of the experimental period, a blood sample was collected via cardiac punc ture and allowed to clot at room temperature. The poults were killed by decapitation and the liver, duodenal loop, pancreas and kidneys were removed, rinsed in 0.9% (wt/vol) NaCl and blotted dry. Organ weights were re corded for the liver, pancreas and kidneys. The duo denal loop was perfused with 0.9% NaCl, split length wise and the mucosal lining scraped off with the edge of a glass microscope slide. A total weight for the mu cosal scrapings was recorded. Portions of the breast muscle (pectoralis major) were collected but no total weight was measured. Tissue samples were stored fro zen at -20Â°C prior to analysis. The ad libitum-fed controls were killed prior to the initiation of starvation (d 0). All poults were killed between 0900 and 1100 h.
Trace metal analysis. Serum was obtained by centrifugation of the clotted blood at 800 x g for 10 min at 4Â°C. Serum protein concentration was determined by a dye-binding technique (protein assay kit, Bio Rad, Richmond, CA). The serum was diluted (1:5) with deionized, glass-distilled water. Metal content was de termined by atomic absorption spectrophotometry (AAS). Samples of liver, duodenal mucosa, pancreas, kidney and breast muscle (0.3-1.0 g) were weighed into por celain crucibles and dried in an oven at 110Â°C over night. The dry weights of the tissues were recorded and the crucibles were placed in a muffle furnace at 450Â°C for 24 h. The resulting ash residue was dissolved in 3 mL of 3 N HC1 and diluted to 10-40 mL with deion ized water. Zinc, copper and iron levels were deter mined by AAS. These values were corrected for dilution and expressed as micrograms per gram dry tissue. Sam ples of bovine liver from the National Bureau of Stand ards (#1577) were analyzed as described above to de termine the recovery of metals, which averaged above 95% for zinc, copper and iron.
Chromatographie analysis of cytosol. Pooled sam ples of liver, duodenal mucosa, pancreas and kidney were homogenized (1 part tissue in 4 parts 10 mM Tris-HC1, pH 8.6, 0.25 M sucrose, 4 mM phenylmethylsulfonyl fluoride) with a Polytron homogenizer set at 3/4 speed for 60 s. The homogenates were centrifuged at 27,000 x g for 15 min and again at 166,000 x g for 90 min at 4Â°C. An aliquot of the resulting supernatant (cytosol) was diluted (1:10) with deionized water and analyzed for zinc by direct aspiration using AAS. Sam ples (4 mL) of cytosol were applied to columns (1.6 x 70 cm) packed with Sephadex G-75. Elution was con ducted in ascending fashion at a flow rate of 40 mL/h with 10 mM Tris-HCl, pH 8.6. Five-milliliter fractions were collected and their zinc content determined by AAS. The zinc-containing fractions eluting at vjv0 = 1.8-2.2 were summed and expressed as micrograms zinc specifically bound to MT per gram fresh tissue weight (MT-Zn). In addition, these fractions were pooled for liver, duodenal mucosa and pancreas (insufficient material was obtained from the kidney) and rechromatographed on a column (0.9 x 30 cm) packed with DEAE-Sephadex A-25. The column was washed with 100 mL of 10 IÃ•IM Tris-HCl, pH 8.6, prior to elution of the bound MT with a linear gradient from 10 to 300 mM Tris-HCl, pH 8.6. Three-milliliter fractions were collected and analyzed for zinc content by AAS. Under these conditions a single predominant species contain ing zinc (MT-2) eluted at 250-290 mM Tris. The amount of zinc bound to the MT-1 species was so low and the peak eluting from the DEAE column so diffuse that it was not possible to quantitate.
Statistical analysis. The data were analyzed by a leastsquares analysis of variance in which time of starvation or refeeding was considered the treatment variable of the model and experimental error served as the residual mean square. Individual treatment mean differences were evaluated for statistical significance (P < 0.05) using Duncan's new multiple-range test. Linear regres sion analysis was used to determine the relationship between tissue zinc concentration and MT-Zn (23).
RESULTS
Starvation of 2-wk-old turkey poults for as long as 4 d resulted in a 32% loss in body weight as well as weight losses of 60% for the liver, 46% for the pancreas, 70% for the duodenal mucosa and 28% for the kidneys (Table 2 ). Relative to body weight, there were signifi cant losses in organ size for the liver, pancreas and duodenal mucosa, but not for the kidneys. Refeeding for a 24-h period following 1, 2 or 3 d of starvation resulted in significant increases in body and organ weights, which in most cases were significantly higher than the fed control values. The longer the period of prior starvation, the lower the final body or organ weight after the 24-h refeeding period. However, the magni tude of the increase was similar for each of the starved and refed groups compared to the starved groups. The relative sizes of liver, pancreas and duodenal mucosa all increased in response to refeeding, whereas that of the kidneys remained unaffected.
Serum zinc concentration declined 58% by d 4 of starvation (Table 3) . Refeeding the starved poults did not elevate serum zinc, which remained reduced with respect to the fed control value. Serum copper concen tration, like that of zinc, declined (63% ) as a result of the fast. However, subsequent refeeding resulted in a return of serum copper to levels similar to the fed con trol value. Serum iron concentrations were lower on d 1 and 4 of starvation but, in general, showed no dis cernable trends attributable to starvation and refeeding. Serum protein concentration increased to a small ex tent by d 3 of starvation. Refeeding the poults starved for 1 or 2 d resulted in a significant increase in protein concentration compared to the fed controls.
In general, the concentrations ((Â¿g/g, dry wt) of zinc, copper and iron in the liver increased during starvation (Table 4) . After 4 d of starvation, zinc was elevated 2.5-fold, copper 2.1-fold and iron 2.1-fold. Refeeding fol- lowing starvation resulted in significant reductions in liver metal concentrations. The longer the prior period of starvation, the lower were the final liver metal con centrations after refeeding. Total liver content of zinc and iron ((xg/liver) was increased 1.3-and 1.4-fold, re spectively, by d 3 of starvation compared to the fed control values. Copper content tended to increase dur ing the first 2 d of starvation, but after 3 or 4 d of starvation a significant reduction in hepatic copper con tent was observed. Refeeding the starved poults caused a dramatic increase in total liver levels of zinc, copper and iron in the poults starved 1 or 2 d previously. How ever, starvation for 3 d followed by refeeding for 24 h resulted in a significant loss of zinc, an increase in total copper and no significant change in iron compared to their starved counterparts. In all cases, the metal con tent of the livers of the starved-refed poults exceeded the values of the fed control group. Thus an "over shoot" phenomenon was apparent for hepatic metal content in response to starvation and refeeding. Pancreatic zinc concentration increased 5.5-fold above the value for fed control poults by d 4 of starvation (Table 5 ). The concentrations of copper and iron were significantly increased on d 1 of starvation, but both declined below fed control values by d 2 of starvation and then increased significantly, in the case of iron, through d 4 of starvation. Refeeding starved poults re sulted in significant reductions in zinc concentration and, in some cases, copper and iron compared to their starved counterparts. In contrast to the liver, the longer the previous period of starvation, the higher the final concentrations of zinc and iron were in pancreatic tis sue from the starved-refed poults. Total zinc content of the pancreas increased 3. The concentration of zinc in the duodenal mucosa increased steadily during starvation, reaching 653 p,g/ g by d 4, a 3.9-fold increase compared to the fed control value (Table 6 ). By d 4 of starvation, copper concentra tion was significantly elevated. Iron concentration in creased by d 1 of starvation and then declined, such that on d 3 and 4 of starvation it was not significantly elevated above the fed control value. Refeeding reduced mucosal zinc concentrations to levels not significantly
TABLE 4
Effects of starvation and refeeding on liver zinc, copper and iron of turkey poults'-1-3
MeasurementZincMÂ£/SV-gCopperMÃ"/Ã"n#IronV-g/gMÂ£Fed controls98.5e176.1e52.8e94.1"186.9d'334.1'Starved1 d131.6"172.4C73.9"98.6ed321. different from the fed control value. Copper concen trations in the starved-refed poults remained elevated above that in the fed control group, whereas iron con centrations were elevated in poults starved 1 d and refed, but significantly lower than the fed control value for poults starved 2 or 3 d prior to refeeding. Total zinc content of the duodenal mucosa was significantly in creased on d 3 and 4 of starvation. Refeeding the starved poults resulted in final mucosal zinc contents that de clined with increasing length of the period of prior star vation. In addition, poults starved for 3 d prior to refeeding exhibited a mucosal zinc content significantly lower than that of the fed control group. Starvation resulted in a rapid and progressive decline in total cop per content of the mucosa, such that by d 4 of starvation the mucosa had 58% less copper compared to the fed controls. Refeeding starved poults resulted in an in crease in copper content to a level similar to that of the fed control group. Starvation for 4 d also signifi cantly reduced mucosal iron content by 66%. With the exception of poults starved for 1 d prior to refeeding, the starved-refed poults did not exhibit an increase in iron content. In fact, poults starved for 2 or 3 d prior to refeeding had significantly less mucosal iron than the fed control group.
Kidney zinc concentration showed a less dramatic, though significant, increase during starvation (Table 7) . By d 4 of starvation, zinc concentration was elevated 1.8-fold above the fed control value. Refeeding the starved poults resulted in a significant reduction in kidney zinc concentration back to levels similar to that of the fed control group. Copper concentration was significantly reduced during the first 2 d of starvation. Subsequent refeeding of poults starved for 2 or 3 d did not increase copper concentration, which was significantly lower than that in the fed control group. Iron concentration of the kidneys increased steadily during starvation, reaching a level 1.8-fold higher than the fed control
TABLE6

Effects of starvation and refeeding on duodenal mucosa zinc, copper and iron of turkey poults1-2-*
MeasurementZincW/8MCopperM-S/gV*IronV-g/gWFedcontrols167.8'83.9*40.6"20.3"650.8'325.5bStarvedId250. ld77.6e45.8e14.3C1093.8"340.3"2d294.9'79.0e40.9"11.0"832.0"222.6e3d534.4"101.2"51.2"9.7d729.4e138.5d4d652.9"96.1""57. 1"0Starved-refed42d97.8e52.3b25.6e13.8d312.8d167.5>b3d100.0 'Each value represents the mean of 10 observations. 2Within each row, mean values not sharing a common superscript are significantly different from each other (P < 0.05). 3Metal values are expressed as concentration (ng/g, dry wt basisi and as total amount (jig) per pair of kidneys. "Poults were starved for 1, 2 or 3 d prior to a 1-d refeeding period.
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Effects of starvation and refeedingTABLE
on kidney zinc, copper and iron of turkey poults1'2-3StarvedMeasurementZincM-S/SM-gCopperW/Ã"USIronM
value by d 4 of starvation. Refeeding the starved poults resulted in a significant reduction of iron concentra tions back to levels similar to, though slightly above (for poults starved 2 or 3 d prior to refeeding), the fed control level. Starvation increased total kidney (i.e., micrograms per pair of kidneys) zinc to 64 |j,g by d 4 of starvation. Refeeding resulted in variable responses in total zinc, depending on the duration of the prior period of starvation. However, all of the final totals of zinc were elevated above the fed control value. Kidney cop per content was significantly reduced during starvation and refeeding of the starved poults failed to elevate the copper content back to fed control levels. Starvation significantly increased kidney iron content, which, ex cept for poults starved for 3 d, was not reduced with subsequent refeeding.
Breast muscle (pectoralis major) exhibited a small but significant increase in zinc concentration during star vation (Table 8) . Refeeding the starved poults produced variable effects on muscle zinc concentration depend ing on the length of prior starvation, though all of the zinc levels in the starved-refed poults were similar to the fed control value. Copper concentration dropped rapidly and remained reduced throughout starvation compared to the fed control poults. By d 4 of starvation, muscle copper had declined 58%. Refeeding did result in an elevation of copper concentration, though to lev els significantly lower than the fed control value. Iron concentration increased through d 3 of starvation, reaching a maximum of 101 (ig/g or a 2.4-fold increase above the fed control level. Muscle iron concentration remained significantly elevated through 4 d of starva tion. Refeeding the starved poults reduced iron con centration to levels similar to the fed control value. Figure 1 depicts the changes in tissue cytosol zinc concentration ((ig/g, fresh tissue wt) and the proportion specifically bound to MT (MT-Zn) isolated by gel-per meation column chromatography. In all the tissues an alyzed, cytosol-Zn and MT-Zn increased throughout the starvation period. On a per gram of tissue basis, the most dramatic increases in these two parameters oc curred in the pancreas and duodenal mucosa, where MT-Zn levels by d 4 of starvation accounted for 41 and 52% of the total tissue zinc, respectively. The total amount of MT-Zn accumulated by the liver on d 3 of starvation was 81 \ig, compared to 43, 64 and 9 jig for the pancreas, duodenal mucosa and kidney, respec tively. Refeeding the starved poults dramatically re- duced the zinc concentration of the cytosol and MT, despite the fact that in some tissues such as the liver (Table 4) and Mt-Zn is metallothionein-bound zinc. Us ing these equations, it was possible to derive an esti mate of the minimum or threshold level of tissue zinc above which zinc would be expected to be bound to MT. These values were (in (xg/g): liver, 22; pancreas, 14; duodenal mucosa, 19 and kidney, 17. Our values were similar to those calculated from the data of Onosaka and Cherian (24) , which were derived from rats injected with zinc. In addition, the value for liver agrees well with those calculated by Bremner and Marshall (25), 19 and 23 p-g/g for sheep and calf liver, respectively. The differences in the slopes of the regression lines indicated that these tissues respond differently to star vation with respect to the synthesis of MT and its sub sequent binding of zinc.
DISCUSSION
Starvation of turkey poults had marked effects on zinc metabolism. Tissue zinc concentration and total organ zinc content increased in all tissues analyzed except serum, which exhibited a progressive decline in zinc concentration throughout the period of starvation. The latter finding is consistent with the results of Harland et al. (12) , who reported a decline in plasma zinc accompanying a 24-h fast in young Japanese quail, but differs from the results for rats (8, 9) and humans (10, 11) , which showed no decline or an increase in plasma zinc concentration in response to starvation. A speciesspecific effect of starvation on circulating zinc levels is indicated. Other factors such as prior zinc status and circadian variation (9) could have contributed to these differential responses in plasma zinc, especially during short-term (24 h) starvation.
Urinary zinc excretion has been reported to increase dramatically during starvation (7, 11, 26) . The source of this zinc is thought to be skeletal muscle, which is being catabolized during starvation to provide a source of precursors for gluconeogenesis, amino acids for con tinuing protein synthetic activity by other tissues and substrate for oxidation by the muscle itself (27) . The amount of urinary zinc excreted by humans subjected to 4 d of starvation accounted for only a small fraction of that expected to be released from the catabolism of skeletal muscle (28) . Elia et al. (28) suggested that the tissues exhibited a "buffering" action with respect to the zinc released during the reduction of lean body mass, thus preventing excessive losses of this metal. On the other hand, over a considerably longer period of time, the cumulative amount of zinc lost during chronic star vation can account for a significant proportion (10-15%) of total body stores (26) . Our findings that the liver, pancreas, duodenal mucosa and kidney were all able to accumulate more total zinc during starvation than was originally present in the fed controls indicate that these tissues may play a role in buffering the loss of zinc attendant on the catabolism of lean body mass. Furthermore, we suggest that this mechanism also acts to prevent loss of zinc from each of the organs that undergo substantial reductions in mass during starva tion.
Specific hormonal changes accompany the onset of starvation in Aves, including increased circulating glucocorticoid levels (16) and a decreased insulin:glucagon ratio (17) . Such changes promote catabolism of muscle and concomitant release of zinc. Singly or in concert, these changes in hormonal status can initiate and sus tain the induction of MT in tissues such as liver, pan creas, intestine and kidney, since glucocorticoids and zinc are both potent inducers of MT. Moreover, glucagon, independently and together with the glucocor ticoids, promotes the synthesis of MT (15) . Collec tively, our data suggest a cellular basis for the buffering phenomenon observed by Elia et al. (28) . Increased MT synthesis and subsequent accumulation of zinc in var ious organs in response to acute periods of starvation represent a repartitioning mechanism to conserve zinc and prevent excessive loss of this important nutrient metal during tissue catabolism. Moreover, different tis sues would be expected to synthesize MT with different efficiencies, as indicated in this study by the different slopes of the regression lines for tissue zinc concentra tion vs. MT-Zn. This would be likely to give rise to differences among organs with respect to their capacity to conserve zinc stores.
Refeeding the starved poults greatly increased liver size and total hepatic zinc content. The increase in zinc content of the liver is analogous to the "overshoot" phenomenon observed for hepatic lipogenic enzyme ac tivity (1, 3) . Zinc content of the liver was increased to the greatest extent following refeeding, although there was evidence of this in other tissues as well. The ac cumulation of zinc by the livers of starved-refed poults may reflect increased absorption of the metal in re sponse to short-term starvation (29) , such that upon refeeding there is more efficient utilization of zinc from the diet. Although the liver accumulated a substantial amount of zinc in response to starvation-refeeding, the level of zinc bound to MT was greatly reduced. In fact, a general response of all the tissues from all the starvedrefed groups was a rapid reduction of MT-Zn. Several points can be made concerning these observations. Zinc bound to MT is a rapidly mobilizable pool of metal, available for the synthesis of new tissue once anabolic metabolism resumes. It is not the total content of zinc that determines the level of MT, but rather the tissue concentration of metal, since the group with the high est liver zinc content (starved 1 d and refed) also had low levels of MT-Zn. Finally, refeeding stimulated a redistribution of cellular zinc out of soluble, short-term storage sites (MT). Thus starvation and refeeding both have marked effects on the cellular distribution of zinc, mediated through changes in the level of MT.
The effects of starvation and refeeding on copper me tabolism were in some respects similar to, though much less pronounced than, those observed for zinc. Starva tion elevated hepatic copper concentration, and total hepatic copper content was increased above that of the fed controls on d 1 and 2 of starvation, declining below control levels on d 3 and 4. Presumably copper was released from muscle sites during catabolism of that tissue. Based on tissue copper levels during starvation, we suggest that the buffering effects observed for zinc are not as pronounced for copper. Whether this results in greater losses of copper due to urinary excretion re mains to be determined. The pancreas and duodenal mucosa demonstrated small increases in copper con centration while the kidney and muscle exhibited de creases. Total copper content declined below that of the fed controls in the pancreas, duodenal mucosa and kidney throughout starvation. For these tissues, there was apparently no copper conservation mechanism like that for zinc. In the case of the liver, presumably MT was involved in the sequestration of copper during the times of elevated tissue copper concentration, though that was not investigated in this study. It is somewhat curious that in light of the markedly elevated levels of MT in the liver, pancreas and duodenal mucosa (as measured by the amount of bound zinc), a greater de gree of copper accumulation was not observed in these tissues, especially since copper is known to exhibit a higher affinity for MT than zinc (30) . This is indirect evidence for fundamental differences in zinc and copper metabolism, undoubtedly due to different hormonal regulation (15, 31) . An overshoot response in hepatic copper content was observed in all of the starved-refed groups of poults. As in the case of zinc, Quarterman and Morrison (29) reported that acute starvation in creased the absorption of copper. This could account for the increase in hepatic copper content in the starvedrefed poults.
Starvation and refeeding had some dramatic effects on iron metabolism. Hepatic iron concentration and total organ content increased throughout the period of starvation. The reasons for this increase are unknown, although several explanations are possible. Since the livers of the poults were not perfused at autopsy, it is possible that blood trapped in the liver contributed to the increased iron. This point is important in light of the findings of Hughes et al. (32) , who reported that livers from fasted chickens contained more red blood cells than those from their fed counterparts. This was attributed to a redistribution of red cells out of storage sites in the spleen and into circulation as a result of catacholamine-stimulated contraction of the splenic capsule. It is also conceivable that the increased hepatic iron content represents a conservation mechanism sim ilar to that postulated for zinc, perhaps involving fer ritin. An interesting observation was that the duodenal mucosa iron concentration increased in response to starvation, yet the total amount of iron declined, in dicating that this tissue has a limited capability for conserving iron stores. Refeeding the starved poults re sulted in an overshoot of hepatic iron content. As in the cases of zinc and copper, the underlying mechanism of this increase is unknown. Richter (33) observed that repeated cycles of starvation and refeeding produced hepatic siderosis, especially if the rats were refed a diet high in iron. Since Quarterman and Morrison (29) ob served that starvation enhanced iron absorption, it is at USDA, National Agricultural Library on January 14, 2008 jn.nutrition.org Downloaded from possible, as previously noted for zinc and copper, that the increase in hepatic iron following starvation is due to more efficient utilization of dietary iron.
A final point of caution should be made concerning the fasting of animals prior to the initiation of a par ticular experimental treatment or procedure. This study clearly shows that starvation, even for short periods, can have pronounced effects on tissue levels of zinc, copper and iron. Furthermore, the effects of altered trace element levels on other aspects of tissue metabolism are not known. Since it is not unusual for animals to go through periods of feed deprivation and subsequent feeding, care should be taken to avoid such situations, especially if the experiments involve studies of trace element metabolism.
